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Abstract. Four H-shaped shorted patch antennas with 
reduced dimensions are developed by using several tech-
niques for size reduction of patch antennas. Step-by-step 
approach shows the obtainable reduction in size. All an-
tennas are designed for operation at 2 GHz. Calculation 
results for all antennas are compared with measurement 
results on antenna prototypes. Antenna input impedances, 
radiation patterns and gains are measured. Good agree-
ment between calculated and measured values is obtained. 
Both calculated and measured results are used to compare 
the advantages and disadvantages of the applied minia-
turization techniques. 
Keywords 
Microstrip antenna, small antenna, shorted patch 
antenna. 
1. Introduction 
Expansion of the use of personal communications and 
handheld devices such as organizers, computers, naviga-
tion devices, etc. which are using wireless access points to 
exchange and transfer data opened large interest in devel-
opment of small antennas. From the engineering point of 
view the antenna is a necessary part of handheld wireless 
devices. On the other hand, for the designers and users an 
antenna which pops out of the device body is something 
inelegant which should be avoided. These two requests are 
reconciled through the development of small antennas, 
usually integrated in the handheld device body.  
On the other side of the wireless link the base station 
or wireless access point also must have an antenna. The 
antennas are placed outdoor on buildings and masts and 
indoor. For outdoor antennas wind load and weight be-
come a critical factor. Indoor antennas have to be inte-
grated in buildings and made esthetically acceptable to 
general public. The answers to these requirements are 
again small antennas. 
To get good radiation characteristics, the antenna 
should be resonant and its size should be comparable to the 
wavelength. At usual operating frequencies of mobile 
communications and wireless networks this means that the 
antenna should be quite large. Several techniques and ap-
proaches have been introduced to reduce antenna dimen-
sions and maintain good radiation properties [1] – [4]. 
Research and development of small antennas is of great 
importance for all future wireless applications [2], [4]. To 
reduce the antenna dimensions mostly shorted patches and 
PIFAs are used [5] – [9]. To further reduce the antenna 
dimensions modifications have to be introduced in the 
patch [3], [10]. 
2. H-shaped Antennas 
The aim of this paper is to present and compare 
several miniaturization techniques used to reduce the 
dimensions of patch antennas. This is done by designing 
four small H-shaped shorted patch antennas which are all 
resonant at the same frequency. To compare the obtained 
results a reference is needed. The reference antenna for 
comparison is a quarter wavelength shorted patch antenna 
designed for operation at 2 GHz. Its dimensions are: 
resonant length L = 32.2 mm, width W = 50 mm, and 
height h = 5 mm. The substrate is air. Simulation results for 
this antenna give an input impedance bandwidth of 
120 MHz (SWR < 2) and a gain of 2.6 dBi. All calcula-
tions are performed by using HFSS 3D electromagnetic-
field simulation package from Ansoft. 
2.1 H-shaped Shorted Patch Antenna 
The antenna is shown in Fig 1. Two slots are intro-
duced along the resonant dimension L to increase the elec-
trical length for the current of the resonant mode. For the 
operating frequency 2 GHz, the antenna dimensions in 
millimeters are shown in Fig. 1. The slot dimensions are 
9.8 mm × 12.5 mm. The antenna is excited by a coaxial 
probe on the line of symmetry at a distance of 7 mm from 
the shorting wall. The resonant length L is reduced to  
25.7 mm, i.e. for 20.2% in comparison to the reference 
antenna while the dimensions W and h are unaltered. Cal-
culation gives an input impedance bandwidth (SWR < 2) 
of 90 MHz. 
The calculated current distribution, shown in Fig. 2, 
explains the effect of the slots in the shorted patch on the 
surface current density, i.e. the extended current path along 
the patch resonant dimension.  
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Fig. 1. H-shaped shorted patch antenna (all dimensions in 
millimeters). 
 
Fig. 2. Calculated current distribution on the H-shaped patch 
antenna in Fig. 1. 
2.2 H-shaped Patch Antenna with Shorting 
Posts 
The patch can be shorted to the ground plane by 
a solid shorting wall, as in the previous antenna design, but 
also by several shorting posts. The latter approach is 
mostly used when the patch is fabricated on a substrate 
other than air, but it can be also used with air-substrate as 
in our case.  
By reducing the length of the shorting wall the reso-
nant dimension L can be further reduced [11]. This is the 
main difference between the antenna proposed in this sec-
tion and the antenna described in [12] which uses shorting 
posts along the entire edge of the patch. In our design, five 
1 mm thick shorting posts spaced at mutual distance of 
4 mm are used instead of the shorting wall. The dimensions 
of both slots are 8.8 mm × 12.5 mm. The antenna excita-
tion point is on the antenna line of symmetry at a distance 
of 8.8 mm from the shorting posts. The antenna layout and 
dimensions are shown in Fig. 3. The resonant dimension L 
is reduced to 22.8 mm, while W and h are unaltered in 
comparison to the reference antenna. The obtained length 
reduction is 29.1%. The calculated input impedance band-
width (SWR < 2) is 92 MHz. 
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Fig. 3.  Layout of the H-shaped patch antenna with shorting 
posts (all dimensions in millimeters). 
2.3 Shorted and Folded H-shaped Patch 
Antenna 
Further reduction in size can be achieved by 
capacitive loading of the patch antenna. The radiating edge 
of the patch is folded towards the ground plane which 
increased the capacitance. The antenna is shown in Fig. 4. 
It is again designed for operation at 2 GHz. The antenna 
resonant length is reduced to L = 12.9 mm, while the width 
in this case is W = 30 mm. The patch height over the 
ground plane is h = 5 mm. The dimensions of both slots are 
5 mm × 10 mm. The coaxial excitation probe is positioned 
on the antenna line of symmetry at a distance of 2.4 mm 
from the shorting wall. Detailed antenna dimensions are 
given in Fig. 4. Compared to the reference quarter 
wavelength shorted patch antenna, a reduction of the 
resonant length of 60% is obtained. However, the 
calculated input impedance bandwidth is reduced to 
24 MHz. 
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Fig. 4. Shorted and folded H-shaped patch antenna (all 
dimensions in millimeters). 
2.4 Folded H-shaped Patch Antenna with 
Reduced Shorting Wall 
As a side effect of miniaturization the antenna in the 
former section has significantly reduced bandwidth. On the 
other hand, modern wireless communication systems re-
quire increasingly larger bandwidths. Therefore, miniaturi-
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zation has to be combined with maintaining sufficiently 
large bandwidth.  
Narrow bandwidth means that the antenna as a 
resonant structure has high quality factor. To reduce the 
quality factor and increase the bandwidth, the resonator 
should be loaded, i.e. the antenna should be "opened". This 
is done by increasing the patch height over the ground 
plane to h = 7 mm and by reducing the length of the 
shorting wall to 10 mm (Fig. 5).  
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Fig. 5. Folded H-shaped patch antenna with reduced shorting 
wall (all dimensions in millimeters). 
The antenna dimensions are shown in Fig. 5. The antenna 
width is W = 30 mm, while the resonant length is  
L = 13.2 mm. The antenna excitation probe is placed on the 
antenna line of symmetry at a distance of 3 mm from the 
shorting wall. The introduced modifications resulted in 
calculated input impedance bandwidth of 64 MHz. The 
calculated current density for this antenna is shown in Fig. 
6. The calculated current density shows the effect of the 
slots, capacitive loading and reduced shorting wall on the 
current distribution on the patch. 
 
Fig. 6. Calculated current density for the antenna in Fig. 5. 
3. Measurement Results 
The prototypes of all four H-shaped antennas have 
been manufactured according to the dimensions given in 
Figs 1, 3, 4 and 5. The ground plane dimensions were  
100 mm × 100 mm and the antennas were centered on the 
ground plane. The input impedance, gain and E- and H-
plane co-polarization and cross-polarization radiation 
patterns have been measured. 
 
Fig. 7. Measured input impedance of the antenna in Fig. 1 in the 
frequency band from 1.5 GHz to 2.5 GHz, markers at 
every 100 MHz. 
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Fig. 8. Measured co-polarization (thick line) and cross-
polarization (thin line) radiation patterns in E-plane 
(solid) and H-plane (dashed) for the antenna in Fig. 1.  
Figs 7 and 8 present the measurement results for the H-
shaped shorted patch antenna (Fig. 1). Fig. 7 shows the 
measured antenna input impedance. As it can be seen, very 
good impedance matching at the operating frequency of 
2 GHz was obtained. The SWR < 2 at the antenna input 
was obtained in a bandwidth of 90 MHz. Fig. 8 shows the 
measured E- and H-plane co-polarization and cross-polari-
zation radiation patterns. The values are normalized to co-
polarization level at 0°. The E-plane co-polarization pattern 
has a maximum at +30°. This is due to the asymmetry of 
the antenna in E-plane. The H-plane co- and cross-polari-
zation patterns are symmetrical around broadside. The 
cross-polarization levels in E-plane are 17.8 dB bellow the 
beam maximum while in H-plane they are 2.5 dB bellow 
the beam maximum. The measured gain at broadside is 
3.1 dBi, while in the beam maximum direction it is 5.1 dBi. 
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Fig. 9. Measured input impedance of the antenna in Fig. 3 in the 
frequency band from 1.5 GHz to 2.5 GHz, markers at 
every 100 MHz. 
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Fig. 10. Measured co-polarization (thick line) and cross-
polarization (thin line) radiation patterns in E-plane 
(solid) and H-plane (dashed) for the antenna in Fig. 3. 
Measurement results for the H-shaped patch antenna 
with shorting posts (Fig. 3) are shown in Figs 9 and 10. 
Fig. 9 shows the measured antenna input impedance. The 
measured resonant frequency is shifted to 2.05 GHz and 
SWR < 2 at the antenna input was obtained in a bandwidth 
of 55 MHz. The discrepancy between the calculated and 
measured frequency and bandwidth for this antenna is the 
largest of all antennas considered in this paper, which is 
due to manufacturing tolerances connected with soldering 
of the shorting posts. Fig. 10 shows the measured E- and 
H-plane co-polarization and cross-polarization radiation 
patterns. The values are normalized to co-polarization level 
at 0°. The E-plane co-polarization pattern is asymmetrical 
and has a maximum at +35°. This is again due to the 
asymmetry of the antenna in E-plane. The H-plane co- and 
cross-polarization patterns are symmetrical around broad-
side. The cross-polarization levels in E-plane are 20.9 dB 
bellow the beam maximum. In H-plane the cross-polariza-
tion levels have two maxima at ±55°. These maxima are 
2.1 dB above the co-polarization maximum. Cross-polari-
zation levels higher than the co-polarization maximum are 
due to the fact that the shorting posts are not placed along 
the whole patch width W, i.e. the length of the shorting 
wall produced by five shorting posts is smaller than the 
patch width (W). To reach the ground plane, the current on 
the patch has to change its direction. As the currents on the 
partially shorted edge of the patch flow in opposite direc-
tions, their radiation cancels at broadside direction (0°), but 
adds constructively at ±55°. The measured gain for the 
patch in Fig. 3 at broadside is 0.1 dBi, while in the beam 
maximum direction it is 3.8 dBi. 
 
 
Fig. 11. Measured input impedance of the antenna in Fig. 4 in the 
frequency band from 1.5 GHz to 2.5 GHz, markers at 
every 100 MHz. 
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Fig. 12. Measured co-polarization (thick line) and cross-
polarization (thin line) radiation patterns in E-plane 
(solid) and H-plane (dashed) for the antenna in Fig. 4. 
The input impedance for the folded and shorted H-
shaped patch antenna (Fig. 4) is shown in Fig. 11. The 
measured input impedance bandwidth (SWR < 2) is 
26 MHz. Fig. 12 shows the measured E- and H-plane co-
polarization and cross-polarization radiation patterns. 
Again the E-plane co-polarization pattern has a maximum 
1.5 GHz 
2.5 GHz 
2 GHz  
1.5 GHz 
2.5 GHz 
    2 GHz 
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at +30° because of the antenna asymmetry. The H-plane 
co- and cross-polarization patterns are symmetrical around 
broadside. The cross-polarization levels in E-plane are 
21.5 dB bellow the beam maximum while in H-plane they 
are 5.6 dB bellow the beam maximum. At the operating 
frequency of 2 GHz, the measured gain for the folded and 
shorted H-shaped patch antenna at broadside is 2.4 dBi, 
while in the beam maximum direction it is 3.6 dBi. 
 
 
Fig. 13. Measured input impedance of the antenna in Fig. 5 in the 
frequency band from 1.5 GHz to 2.5 GHz, markers at 
every 100 MHz. 
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Fig. 14. Measured co-polarization (thick line) and cross-
polarization (thin line) radiation patterns in E-plane 
(solid) and H-plane (dashed) for the antenna in Fig. 5. 
The measured input impedance bandwidth for the 
folded H-shaped patch antenna with reduced shorting wall 
(Fig. 5) is 60 MHz. The measured input impedance is 
shown in Fig. 13. The measured gain of this antenna is 
around 0 dBi at broadside and 5.3 dBi in the beam maxi-
mum direction. Measured E- and H-plane radiation patterns 
are shown in Fig. 14. The E-plane co-polarization pattern 
has a maximum at +40° due to the asymmetry of the an-
tenna in E-plane. The cross-polarization levels in E-plane 
are 18.3 dB bellow the beam maximum. The H-plane pat-
terns are symmetrical around broadside. Due to the reduced 
length of the shorting wall, the cross-polarization levels are 
increased and for both positive and negative angles be-
tween 25° and 95°, they are up to 1.9 dB higher then the 
co-polarization maximum (Fig. 14). The same effect was 
observed for the patch in Fig. 3. Again, the cross-polariza-
tion levels higher than the main beam maximum are ex-
plained by the radiation of the currents on the partially 
shorted patch edge (Fig. 6). 
4. Conclusion 
Four H-shaped patch antennas have been designed for 
the same operating frequency in order to compare the ob-
tained reduction in size, input impedance bandwidth, ra-
diation patterns and gain. By combining more miniaturiza-
tion techniques, greater size reduction can be obtained. The 
reduction in size of the antenna results also in reduced 
bandwidth. Therefore, there should always be a compro-
mise between achievable reduction in size and required 
bandwidth. The obtained results are summarized in Tab. 1. 
The antenna area and volume reduction are expressed in 
comparison to the reference antenna (simple quarter wave-
length shorted patch). For the first three antennas, the 
bandwidth reduction in percent is larger than the area and 
volume reduction in percent. On the contrary, the fourth 
antenna gives the best results, because the antenna area and 
volume are reduced more than the bandwidth. Also, the 
fourth antenna offered the largest gain among the con-
sidered antennas. 
 
Antenna Reference (Fig. 1) (Fig. 2) (Fig. 4) (Fig. 5) 
Dimensions 
[mm]  
W × L × h 
50 × 
32.2 × 
5 
50 × 
25.7 × 
5 
50 × 
22.8 × 
5 
30 × 
12.9 × 
5 
30 × 
13.2 × 
7 
Area 
reduction 
[%] 
0.0 20.2 29.1 76.0 75.4 
Volume 
reduction 
[%] 
0.0 20.2 29.1 76.0 65.6 
Bandwidth 
[MHz] 
(120) 
calculated 90 55 26 60 
Bandwidth  
reduction 
[%] 
0.0 25.0 54.2 78.3 50.0 
Gain at 0°
[dBi] 
(2.2) 
calculated 3.1 0.1 2.4 0.0 
Max. gain 
[dBi] 
(2.6) 
calculated 5.1 3.8 3.6 5.3 
Tab. 1. Comparison of antenna dimensions and obtained 
bandwidth and gain. 
As it could be expected, if the antenna is asymmetrical, this 
will affect the radiation patterns. This was observed for all 
considered antennas in E-plane radiation patterns. In the 
considered cases the E-plane beam maximum was 30° to 
40° off broadside. As a consequence, the maximum gain 
1.5 GHz 
2.5 GHz 
2 GHz 
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was not measured at broadside (0°). The maximum 
measured gain for the tested antennas was between 3.6 dBi 
and 5.3 dBi. 
The shorting wall length has strong influence on the 
cross polarization levels in H-plane. A shorting wall which 
length is smaller than the patch width (W) will result in 
increased cross-polarization levels. The cross-polarization 
levels can be even higher than the co-polarization maxi-
mum. However, this should not be a disadvantage if the 
antenna will be used in e.g. urban environment with lot of 
reflections, scattering and depolarization. 
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